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Cali brat in RZ’vVQM2 model br maize responses to dfiit irrigation
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1, Introduction

It is a ch.ailenge to patameterize a system model that can be

aoolied to other soil and weathercondit ons withoutre—calibration.
An orru [Ct’cVctoon model is seldom crriibrater.l

Its comconents to inacecrrrcv of the model.

ponents, and variability in held measurements. Another common

difhculty is the lack of evaluation f a variety of conditions after a

mndel is calibrated. Most often, a ntem model is at best partially

calibrated due to lack of data collected for all system components.

dc. ta were avalla ble for ‘‘‘ the svste m cc to nonen tO

ru = —

Ire l)re.)ve the acie’nce userl a the model. e sneer tv the etc to

calibration schemes. involve a degree of rriai and error without

a rigorous optimizati..o.n ai.go.rithm that accou.nts for uncertainties

and correlation among paranseters As such, the calibrated model

parameters may not be unique, and many combinations of model

oarsrneters rla,uy prodnse s,milar resubs )F,r:rrzcr it 201(0.

i.uoespue = U trier, thu ‘lit . a is,
t-mafl addror: L.uwangMU .ttar urcIa,grur •2. Mid,

Although a few studies used an optimization algorithm to obtain

nsodel parameters (Fang et al., 2010; Malone et aL 2010). it took
considerable time to set up the optimization scheme’ for a study a.nd

i s tO g° e “r I

a system model ma usually calibrated nanually anrl toe

good’ees.s—c’f—callbration deper’rds on the experience frnodel users,

same dat.aset b-y two different usc’rs based ran their tersonal experi

ence (Ma et al, 2009; Thorp et al,, 2007). A model riser maybe more

competent to calibrate so I parameters than plant parameters. He

or she may achieve a calfbration of soil earameters which leaves
the ral.ant natameters at their default valr.res, Arm the other hand.

U’- ‘U i,. -

iratrinrerercano lea.ve tire soil huarametem at their default settinais,
\AJr’rhc:,rt -xrons rye’ evalua (ron and usinr5 rrieasurcd soil see rant

oarameters, it is difficult to judge which calibration is more reason

able than the others, In addition, th.e nsanual calibration proced tire

usually is net reported in modeling studies.
Parameterization of a system model I. ncludes both calibration

and evaluatron. Usually crne dataset 1 used fot calibration and

another ndependtrrr t dataset for evaluarmon or valrdation. A model

user’ may use one years data or caii.bratron and the rest lot modci

evalnatton ‘nsa, et at,. .‘iin5: hasceedmerri er al. 2001; or LISO one treat

ment for model calibration and the rest far model evaluation Hu
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Fig. 1. taborarurymeasured sod water retention curves (5WRC( and ttred

BrnukrvCorey curves for rOe three sod prrsdte cures,

r “ r c

Kcarllt(

N2 in RZWQM2 is calculated as:

dS5fl r he I I rvrn r tot so texta a co ci

Rawlsetal. ( 582),Tahie I shows the tshysicai properties and fitted

Brooks—Corey parameters for each soil core. Fitted porosity was

then used to calculate an average hulk density usingp. ( I Osyap
0 natedso cccl 0 otp twa s1 sndn

0 1 1 u 1 5 1 5 1 Ii Ii Nt t C IS S e iW 01

In compare with laboratory denvec SWRCs. SWRCs were also
11 t’ 11 . tin ed p 1

irnately 24 h after a large svater apuocanon, assumed to he equal to

:33 kPa soil vvate:r content) and ho assuming that 50% of held capam

ito is wilting point (1500 kPa soil water contetst) which is close co

t0 iverage riobetwri s1500 ePa aatercccs tacds3 Pnwn er

content measured in th.e labotatorycores and as reported byRawis

wal 1 iS21acd m c al OhiO

- lull’ 0..—.
— t.i,-yl:1J1s

- lu--OS, 000 313;

p e’p ‘ -
am,

where ta55 and I3s;a are soil water contents at 1500 kPa and 33 kFa

suctions, respectively’. The latter is assumed to be at held capacity

(PC).
-

- i soe lçO ltd eRlSsRR\151

vaas used to ouanttv the ooduess of hr u I the p:ed Icted results to

RMSDr53/fla21E3j___ (8)

RRMSII

wnere the n-umoer ot uc-servanr,sns. 01 anti 0-a-re tt:c nsue;ei- ore—
itl p — 1 2 1 ‘‘ —

the averaged observed value.

3. Model description and pararneterlzation

The Root Zone Water t%uahtv Model (RZVCQM2. version 2.11)

with ri-se 055841 40 crrju module-s was used in this study Ma

ai.. 20001, The nsodei requires SWRC and saturated hydtauitc

ccsnducnvtv 137w -- The model provides options to calculate

hourly and daily potential evaporransptration cPEI based on the

Shuttleworth—Wallace method (Shuttleworth and VVallace, 1985).

In this study, the Ksar values were obtained from table values based

on soil texture (Bawls er al,, 1982) and the hourly PET calculation

was used. As done previously in the literature, RZWQM2 was cali

brated manually at hrst,The manual calibration procedure included

matching simulation results with measured soil water, anthesis

and matni iry dates, maximum 041, and hnal hiomass and yield. the

soil toot growth tactot (SRCIO svas assumed to obey the tollosv:ng

equahon (Ma et al., 2009) svith wcg= 3 and Zwea = 200 cm.

(1
SRGP ( .),

wrg

Three nsodel caithrarion studies svc’re rnnducterl tics, 1:.

SWRCsat respecuve so-il depths. trom the d--ss-eesoii crsres (Fig. I a we
4)- built soil p rohles by-- randomly s-electing a SWRC at each soil horizon

Irom one of the three soil cores. The soil profile that provided the

be-st sO. ulationof soil water content-was then used- Then, ti-c plant

parameters were- manually caiitstate-d bar f-he 1007 FT treatment.
1::: 5-- in Irirse

held- csti nsaseci ware- hold-i sacs cc paris y tnt each soil ii

The SORT was dc-’s-ived h-un-a the 3’S- k-Pa sc-il water crsntents and

1500 kPa, (assumed (.0 be Oh) soil water contents based on Eqs. (0)

and (7 ), In thai calibration was fhr the 100% Of (rearm-er-st (Iii) in

2008 and the calibrated plant carameters were then- evaluated for

the- other treatments in 2008 and all treatments in 2009 and 2010.

lithe calibrated model did slOt simulate s-veil for other treatments,

the plant parameters were recaisbtated until the model responrled

to water stt’es.s-es with sin,suiatson error ‘,vsti-sin 10’- of measured

yield and hionsass,
The t:hird calibration was an ordered s--catch of plant parameters

in a given range for each paranseter in Table 2 using held estimate--d
SWRC n the second cat brar on studs Each plent paianaottr as

- a -
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September., Simulated RMSD was 0,778 for flU, 0,039 cm3 cm for
soil water content, and 3,20c.m for soil profile water, Since simm
.lated soil water did not deuhite further from measurements ater

sOlusling toe pont pa rameteru, rOe caithraiton Was arceptiru even
the LU was not redu ted wet towards the end of Srowlng

season.

After the calibration, tte model was used to simulate other irri
gation treatments in 2.008. To our disappointment, simulated yield
and biomass did not respond to i rigation treatments (Fi.g. 3 , The

k c

the calibt ared model did not respond to rrigation, we compared

measured and- simulated average plant avatiabie watel PAW

Hourly weather data
Collected on the Site
(rainfall, solar radiation.
wind relative
humid lip, air tempers ture)

Soil physical information
(soil horizons, bulk density,
soil texture) and
management practicee
(titlage rrigation,
fertilization, crop)

_______

- Ca/tbcat/on I

c SQ

Htromsoiltexj Lh1t51
rriet

No, reconstruct a different Still no, then calibrate
(.ol’rwtdebesedo.n the

. Results OK?. .‘ the., lint arameters

Ca//brat/on 11/

Ordered search
o1zlçdant

within a ranfe

1’

151



length sensitivity coefficient improved biomass simulation. In addi
tine, we used the default 38,9 71—days phylochron interval (PHINT).
These parameters improved yield and biomass responses to irri
nation amounts (Figs. 3, 5 and 71. •The. RMS[) across all the five

n c e end37rm rI o 1 ttrt ar entand 371
for profile son water for 200$, wh.t ch were comparable to those
usror. iahonir v-measured SWRC 0.043 cm cut for soil water
content and #8 rm fbr roflie soil water. Although maximum Lttl

strnniared for the treatment °1 was rInse to measured 14.5 corn
oared u4.rS:, the oeak SAl was ihdavseariv compared to maximum
cane over. Furls simulated antheos and maturity dares were also

auiv by a week compared to obser od dates.

For 2009. the simulated anthesis date was 85 compared to

34 tIAP obserced and marurtrv date was 143 romoared to 147
2 l\1sD ‘ —0 ,

1400 ku ha for Siomass. S imulated relative difference between
1.reatment Ti and #5 was 4353 kg ha corn ared to 5206 kg ha
f#r yield and 8136kg ha compared to measured difference of
8001 kg ha for biomass (Fig, 5)-, Simulated soil water content and
profile soil water were slightly better than those for 2008 with
RMSt) of 0.030cm cm and 2,4 cm. respectively, The worse simu—
larion of soil water in 2008 comid be due to the measurement error
in treatm.ent #5 (Fig, 4), The better response of crop growth to
irrigation using Teid estimated 33kPrmsoil water•wa•s •due• to the
correct relationship between PAW and TPAW (Se., TPAW> PAW;
Fres. 4 and 61, When laboratory—measured SWRC5 were used, RAW
was always higher than TPAW,Thereibre, no water stresswas simu
lated, However, when field-estimated SWRC was used, TPAW was
higher than average seasonal PAW although the simulated PAW
was close to ThAW for the 1003 treatments tn both 2008 and 2009.

for the direr soil profile (iepths shown 90. 120. and 180cm).

These calibrated parameters simulated mai7e yield well tn 2010

for treatments #3, #4. an.l #5, but under-predicted yield for treat
ments #1 and #2 with an overall RMSD of 1722 kg hat. On the
contrary, the model predicted hiomass well irt 2010 for #1 and #2.

Measured Plant vaiiable Water
1.0db Measumg SWRCi

16 -

—.---

“
- u_,_ Tate 1st) am

.,_,5) Total

6
-_______ ‘-‘==m. TotolOOcro

2009

1 2 3 4 a a-

Treatment No.

2009

IIIii

[1,5 t-teusured and srrriiared maIze a trIo and hemacs with hold .tnct
‘urv mea5ured soil water retention rurves 5WRC.anrl plant parameters salibraterl
manually and auromatiraily 1009.

- Simulated Plant Available Waler
LLaO Measured SWRC

-s& -

2009

1 2 3 4 5 6

Treatment No..

Tmoateent No

Simulated Plant Awibble Water
(Seki Etatimated SWRC)

2009:

Tteatiment No. TlOatfl,eflt No

a s 0 3 a,,,lt’tar tI pt Itt
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Hg. 9. simulated potential evaporation Pt), potential transpiration (PT), actual
evaporation(At) and actual transpiration SAT) in 2008,2009. and 2010.

field estimated transpiration for the three years 63 1007 n 2008.
56-101712 in 2009. and 52—10(1% in 2OlOdThe only discrepancy was
me wettest treatment in 2010 where the model simulated unIv 907

of Vt, which was in agreement wtth the simulated svater stress in

early iuoe aod loss’er simulated yield io RZWQM2,
Thus, •the model should be capable of scheduling irrigation

events based oo ETc requirements. As a test case, we used the cal

ibrated model to schedule weekly irrigation amounts for rh.e five

ETc csmeotsoridVt 8577 -“A aodafl thesamess i

i7i’ held experiment except mat th.ere ss’as no 2172; hold sting of

n —

use in l:ite repmnciuetve stage. Since ItZWQM2 Ooes not simulate
STrut: ne the PAd) 55. the C’’ tiewnrth —Wal mm PEt otis usseo

arsinunt was: nietnrn:ntse5) ii) cc model
to meet a certatn percentage of the weekly Shrit:tleworth—Waiiace
PET of previous week less the rainfall dudng the. same period of

time, However, unlike the field irrigation schedule where approx
iniatrl 2O 72 he s ese-ibed i 5t1° amos, 3 c00 the so ssed

treatments were svi.thheid durine the vegetative stage an.d added

hard Pr tine mx’p tori let ire irsee i sri rh sense flex ihi I. its’ hum wm.e’

week;, tne ttttni5et t.teattTietit.s in the model svere

c’ e ‘
es 17 ,,n N

2 a — a tit Iii S

soererery close to the actual amounts applied in the held with
r’S’ ‘ 092. Inaddirion, simulated yield and biomass were also close to
those simulated svith actual irrigation amounts with r2 092 a.nd
0,93, respectively (20g. 11), especially at high ETc treatments, Eor
the loss’ ETc treatments (stressed treatments), the simulated irriga
tion annount unden•nrediete.d yieiri and, biomasr snrrewhat. rehich

‘1 .-‘ I ‘‘ 3i “, _1 ii

2010
12000

s sass issaa. •saaa

Simulated Biomaas sc/tn Actual Ircigatien Amounts (kg/ha)

tip. 15, simslasee triO and biornass simulated :rtlsation esessa and actual

stares: to the reprrsciuctive— stage in toe ne’id experiment inrreas.eri
weld at low Etc treatments, but mast at high’ Etc oeatmenrs,

5. Conclusion

This study showed that laboratory-measured SWRCs were not
capable of simulating plant svater responses. However, using field
esrinsated SVdRdr. th.e modsrl until ted the response et yield and— U “I s,’, I 1,_a I — is)
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